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ABSTRACT 

Focusing on the achievement and motivational effects 
of anu«.dgies of varying enrichment levels when used with abstract, 
unfamiliar, and difficult content, this study examined their effects 
on instruction at the recall and application levels using content 
consisting of both concepts and principles. The subjects were 123 
eighth-*grade science students who were assigned to one of three 
treatment groups for each of six topics: (1) no analogy, (2) simple 
analogy, and (3) enriched analogy. An instructional booklet and a 
posttest booklet were distributed to each student, and both immediate 
and delayed posttests were administered. Analysis of variance 
revealed no significant main effects on any of the immediate 
posttests, i.e., recall, application, or total. contrast, 
significance was approached or reached on 5 of the 12 delayed 
achievement test measures, 1 on the recall level and 4 on the 
application level. The results of this study suggest that, although 
analogies may not be very useful for either rote remember-level 
learning or application-level learning, they may often be very useful 
for creating linkages within memory that would have an important 
influence on meaningful understanding, long-term retention, far 
transfer, problem solving, and the skill of analogical reasoning. A 
31-item reference list is provided. (RP) 
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IHTROOUCTIOH 



Instructional developers are often required to select 
instructional design components £roB a wide variety of elements 
and combine the* in ways that naxinise their benefit to the 
learner. The basis of that selection depends on several factors 
— the type of learner* the nature of the learning task» the 
appropriateness of the subject natter » and its interest ingness. 
One such instructional design coaponent is the analogy. 

An analogy conpares sinilarities between sonething concrete 
and soaething abstract^ when the two things are otherwise 
unrelated (Souder, 1981). It has the ability to sake the 
unfaailiac familiar (Gabel ft Sherwood, 1980; Dreistadt, 1969). 
This permits the learner to relate his or her own reality to an 
abstract or otherwise unknown phenomenon. 

An analogy is often expressed as an explicit comparison (as 
opposed to the more implicit metaphor) between one area of 
knowledge and another area of knowledge that is completely 
outside the first (Ortony, 1979). A critical attribute of an 
instructionally useful analogous relationship is that one element 
is within the prior knowledge of the learner » while the other is 
distinctly unfamiliar (Reigeluth» 1980) . 

A simple analogy is structured into three main parts — the 
feoptg (the new content) » the yghicig (the familiar content), and 
the words "is like* (Verbugge & McCarrell, 1977; Ortony, 1979). 
Although different in composition, the topic and the vehicle 
share a relational structure (Centner, 1980). In the analcgy, 
"An atom is like the solar system," "an atom" is the topic, while 
"the solar system" is the vehicle (Centner, 1980). 

A simple analogy can be enriched for the learner by adding 
grounds and limitations. The groundB are the shared attributes 
of the topic and vehicle and supply the rationale for them 
(Verbrugge ft McCarrell, 1977; Ortony, 1979). Grounds for the 
analogy above may specify that the sun has planets that revolve 
around it, much like the nucleus has electrons revolving around 
it I and the revolving objects of both are attracted to the 
central object by a force (Centner, 1980) . 

The second way of enriching an analogy is to describe the 
liaifeiikiona to the analogous relationship (Reigeluth ft Stein, 
1983| Hayes ft Tlerney, 1980). If these limitations are not 
presented, the student may push the analcgy too far and 
overgeneralise as to other "grounds " in the relationship that do 
not exist (Reigeluthr Smith ft Wilson, 1974) . An example of 

a limitation reiAced to the above analogy might be that electrons 
repel each ocher while planets do not (Gentner, 1980). 

Gabel and Sherwood (1980), however, disagree with the 
presentation of grounds and limitations when using analogies to 
enhance learning at the recall level. They assert that this 
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o«QM0 thtt iMcncr to assuat a pasalvct role and advocate » 
intteadr preaenting the analogy only and allowing the learner to 
extend the analogy hin/heraelf • 

One barrier to the effective uae of analogica occura when 
the learner doea not underatand or lacka the background knowledge 
of the vehicle (Bayea ft Tierney» 1980). Thia nay cauae the 
learner to confuae the vehicle and topic » thereby haming* rather 
than helping r the learning proceaa. 

Cabel and Sherwood (1980) inveatigated the uae of analogiea 
in cbeaiatry inat ruction. Their reaulta showed no aignificance 
between groups with passagea containing and not containing 
analogies when asked to recall inforaation. However » they later 
discovered that alaoat half of the atudenta in their atu^y did 
not understand 90% of the analogies preaented. Yhey found that 
students who did understand the analogies scored significantly 
higher than thoae who did not. Although that part of the sample 
was too saall to confim generalisability» it appears to be 
important that analogous aaterial be faailiar to the learner. 

Another hindrance to the effectiveness of analogies in 
instruction occurs when the nuaber of liaitations to the 
relet ionahip ia so great that the grounds are .ainiaal and 
reaote. An inappropriate analogy can aislead the learner and 
actually cause a decrease in learning (Pylyshyn^ 1973) . 



Aoaifisx ul an inafcructionnl fitratggy 

There are aeveral reasons why analogies ace hypothesised to 
be isportant instructional strategiea. They relate new knowledge 
to. a closely related body of previoua knowledge » while building 
on that prior knowledge (Sari ft Reigelutbr 1982} Reigeluth, 
1980) . They are excellent conceptualisation devices which, while 
helping to concretise thinking, also aay greatly iapact upon the 
development of visual iaagery, an inportant part of the learner* a 
cognitive process (Jorgenseur 1980i Pylyahyn, 1973). 

When used effectively in a aessage, analogies aay provide a 
concrete understanding of highly abstract content, thereby 
instructing in a clearer, acre aeaningful aanner than had they 
not been included (Souderr 1981 i McCcoskey ft Coab8# 1969). 
Analogies help the learner to build a cognitive scheaa or 
framework (Buaelhart ft Roraan, in pressf Hayes ft Tierney, 1980) 
when encountering coaplex content for which the learner nay not 
be eognitively prepared (Itoyer ft Cable, 1975) . 

Although analogies have been used in a variety of content 
areas, aany of the atudiea related to their effectiveneas have 
been in the area of science Instruction (Bielinski, 1980 i Rigney 
ft Lotsr 19761 Saith ft Wilson, 1974| Gabel ft Sherwood, 1980). 
Science content containa aany coaplex, abatract ideas, often 
reaote froa the learner's experience. Scientific concepts often 
require foraal thinking, and the use of analogies makes foraal 
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concepts noce concrete (Gabel & Sherwood, 1980) • 

Blelinskl (1973) studied the effects of using verbal 
analogies to teach ninth-grade physical science for different 
ability levels in various content areas within science. Bis 
results showed no significant difference between teaching with 
•nd without analogies. However, in this study, aralogies were 

S resented as a separate exercise; i.e., the solving of twenty- 
Ive analogies weekly over a nine aonth period. It would appear 
that the students were given no context in which to apply the 
analogy. 

Keigeluth (1980) suggests that the analogy be used, instead, 
as an enbedded cognitive strategy activator (Rigney, 1978), which 
requires the learner to use a particular cognitive strategy that 
facilitates learning. The eiAMdded activator is incorporated 
into the instruction in such a way that the learner is forced to 
use it and is unaware that he or she is using it. 

In investigating the relationship of intelligence level to 
the benefits of analogies, several contradictions have appeared. 
Sternberg (1977) found that high ability students benefitted nest 
fro* analogies in learning coaplex naterial. On the other hand. 
Bell and Gagne (1979), in a study of the effects of verbal 
analogies and quantitative and verbal aptitudes on the recall and 
comrehension of a technical text, found that high ability 
studtnts perforned significantly better in the no analogy 
condition when learning cosplex naterial. However, several 
conflicting results occurred, and a difference in processing 
strategy was proposed as a possible cause. Sinilarly, Gabel ft 
Sherwood (1980) found that analogies helped lower ability, 
concrete thinkers to learn abstract chemistry concepts nore than 
higher ability learners. They reasoned that high ability 
students were already able to think at the fomal, abstract 
level I therefore, it was unnecessary to nake formal concepts 
concrete for them. 

All of the studies cited above looked at the use of 
analogies in the recflll of specisfic facts only. Few studies have 
dealt with the use of analogies at the application, or 
use-a-generality level of instruction (Merrill, Reigeluth h 
Faust, 1979) . The use-a-generality level requires the student to 
implement or apply a generality to new cases. 

Curtis (Mote 1) conducted a study using analogies with 
varying levels of enrichment to teach computer flowcharting to 
sixth graders. The results of this study failed to support the 
hypotheses that the richest analogies would result in the most 
learning and that all treatment groups would do better on the 
application-level poottcat than the no analogy control group. 
There were, however, several methodological problems In this 
study. The content of the instruction was, in fact, concrete 
procedures for which analogies were unnecessary. In addition, 
the analogies were different for each of the procedures being 
taught, which may have diluted their power. Finally, the test 
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lacked sufficient power to indicate any significance, since it 
eoiisisted of only eight questions. Qence, there is a clear need 
for acre research on the effects of analogies for 
use-^a-generality level learning. 



When a learner is faced with conplex naterials on which s/he 
sMist intensely concentrate, strong notivation is usually a 
necessity (Dreiatadt, 1969). Although subject natter is often 
intrinsically Motivating, the way in which it is presented aay be 
unappealing and uninteresting. The use of good instructional 
strategies, such as analogies, helps instruction to be both 
effective and efficient, while at the same tiae influencing 
student Motivation . (Reigeluth a Merrill, 1979) . In turn. 
Motivation influences both effort and performance CKeller, 
1979). BsMinding students of related knowledge that they have 
already acquired allows thSM to More easily comprehend that which 
they are about to learn, informs then of its relevance, and 
serves ns a bridge to the new knowledge (Dick a Carey, 1978) . 

Keller (1983) advocates the use of analogies in his ARCS 
(Attention, Belevance, Confidence, Satisfaction) motivational 
design model to provide relevance and interestingness. The model 
identifies analogies as an important motivational tool toe 
providing both concreteness and a linkage to past experiences. 
Analogies may help provide a motivational strategy which arouses 
interest by furnishing a bridge from new, unfamiliar or remote 
material, which can often be difficult and boring, to concrete, 
familiar material (Nelson, 1975f Dodge, 1980). NcConnell (1978) 
suggests using analogies to help the learner become more 
personally involved with the content, thereby making it more 
important, ueeful and relevant. Although studies report higher 
enf-hualasa for instruction that includes analogies (Smith et. 
al., 1980f Hayes ft Tierney, 1980), evidence was collected 
strictly through informal observation. 

In summary, there is a need for instructional design 
components which help students, particularly those of low 
ability, to learn abstract concepts and principles connonly used 
in science instruction. There is an equally important need to 
design and develop effective and appealing instructional 
materials for high ability students. Most studies investigating 
the use of analogies as Instructional strategies use then on a 
recall rather than application level. In addition, few offer 
support for both their instructional and motivational value 
(Bayes a Tierney, 1980) . 

The present study sought to detemine the effects of 
analogies of varying enrichment levels when used with abstract, 
unfamiliar and difficult content. Both the achievement and 
motivational effects were studied. In addition, it attempted to 
learn their effects on instruction at both the recall and 
application levels, using content consisting of both concepts and 
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princlplts. On the basis of pievious reseacch, the following 
hypothtsei were propoMds 

1. The tt8« of analofios will aake d4.fficult and abstract 
contont «oro infeT^^fein^ and raiftvant to all shudents. 

2. Nhan given aaterials containing no analogy, a sinple 
analogyr and an "enriched* (containing groiind and 
liBitation) analogy, all students will find the enriched 
analogy tzeataent sore ■otivating than the other two 
treataints. 

3.. Average and lower ability students will achieve higher 
pa«fefe«at and rafeftiifeioti ^MSL scores on both the recall and 
application levels with the enriched analogy treatnent than 
with the other two treataentsi whereas, higher ability 
students will achieve higher posttest and retention test 
scores on both the recall and application levels with the 
siaple or no analogy treatsents than with the enriched 
analogy treataent. 



METHODS 



fiubjfifita 

The subjects of this study were 123 eighth-grade science 
students at a suburban sdddle school near Syracuse, Hew York. 
The school district is predoainately white, niddle to 
tonMic^iddle clasj. Students consistently score above the 
national average on standardised reading and math achieveaent 
tests. 

The students coaprised five heterogeneous eighth-grade 
classes in the school. There were 71 feaales and 52 males. The 
general ability level of each student was rated by the science 
teacher who irorked in a teaa-teaching situation which gave hia 
sufficient knowledge of overall ability. Eighth grade students 
were selected because their science subject aattec was considered 
to be at a coaplex enough level to lend itself well to the use of 
ajaalogies. 



A posttest-only experimental design was used, with an 
iaaediate test and a delayed test. The delayed test was 
adainistered two weeks subsequent to the treatnents. The 
statistical design was a 3 x 3 AMOVA on each dependent vari&ble. 



Inattuctional Zask A&d Hater Ula 

An instructional booklet and a posttest booklet were 
distributed to each student. The instructional booklet contained 
one page of directions, six pages containing a different 
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selmtif ic topic of instruction followed by a aotivational rating 
scale conparing all six topics. 

The six instructional topics were alloys, cryogenics, 
isotopes, half-life, Oha's Law, and the Doppler Effect, since 
there were sis topics, each student received two of then 
containing no analogies, two containing the analogies onlyy and 
two containing enriched analogies. All six topics were 
adalnistered to each student, four on scientific concepts and two 
on scientific principles. Each conUined a written expository 
passage. . 

The basic passage for each topic was identical in all 
treatmnts. The passages ranged in length from 89 words to 154 
words, with an average of 119 words. Thty contained no examples 
or illustrations. Two of the passages are shown in Figure 1. 



INSERT PIGinB 1 ABOUT HERE 



All materials were pilot tested for difficulty level and 
amount of time required to complete. There were three treatment 
groups for each of the six topics: no analogy, simple analogy, 
and enriched analogy. The basic passage remained identical for 
all three treanents. The no-analogy group contained only the 
basic passage. The simple-analogy treatment also contained a 
one-sentence statement of the analogy, while the enriched-analogy 
treatment contained the simple-analogy statement plus the grounds 
and limitations. The analogy was presented before the passage. 
The two enriched analogies for the passages in Figure 1 may be 
seen in Figure 2. 



INSERT FIGURE 2 ABOUT HERE 



If i thin each booklet, two topics contained no analogy i two 
topics contained a simple analogy; and two topics contained an 
enriched analogy. The way in which the treatments were assigned 
to topics and the sequence of the topics were both systematically 
varied as shown in Figure 3. One booklet was then randomly 
assigned to each student. Because all students received all 
treatments, there was no sampling bias overall. 



INSERT FIGURE 3 ABOUT HERE 



ALIOYS 



An alloy Is a solid Mixture consisting of at least two metals. One 
of those MUls nkes up the chief part of the alloy. It Is called Its 
basic CQMponent. When these aetals are nixed with each other In a ml ten 
form and then allowed to harden Into a solid nass, they do not form 
distinct laiyers. They form a whole new substance. 

Alloying Mtals produces changes In density, strength, hardness and 
ittUIng point. Most alloys are more flexible than the pure metals from 
which th^ are made. ATloylng may also produce changes In the conductivity 
of heat. 



DOPPIER EFFEa 



The pitch of a sound Is determined by the length of Its sound waves. 
The greater the wave length, the higher the pitch. A change In pitch can 
be caused by the Doppler Effect, named for Its discoverer. Christian 
Ooppler, a igth century Austrian physicist. 

The Doppler Effect Is a change In wave length caused by the motion 
of a wave source. As a sound source approaches you. Its movement crowds 
Its sound waves together, causing a higher wave length or frequency and 
higher pitch. As a sound source passes you and moves away, the pitch of 
the sound you hear decreases. The sound waves are now farther apart. 
Both the frequency and pitch of the waves decrease. 

The Doppler Effect may also be produced If you move toward the source 
.of the sound. The pitch of the sound Increases as you move toward the 
source and decreases as you move away from It. 



Figure 1. Basic passages for topics 1 and 3. 
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An alloy Is nuch like a cake you have baked. You take a bunch of 
different Ingredients, nix tStca together and when finished a whole new 
substance Is fbmed that Is bigger, heavier and tastier (hopefully!) 
than any of the individual ingredients. 



The Ooppler Effect Is nich like what happens when you go out In a 
SMll boat. Hhen you travel against the waves, they strike the boat 
with a relatively high frequency, resulting In quite a choppy ride. 
HONtyer when you travel with the waves. tJiey catch up to the boat nore 
slowly, hitting the boat with a relatively low frequency. However, 
the Ooppler Effect Involves sound waves rather than water waves. 



Figure 2. Enriched analogies for topics 1 and 3. 
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Figure 3. Systematic variation of topics and treatments for students 
N • no analogy, S •> simple analogy, E •> enriched analogy 
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XftflU Afid HMiurai 

rollowing •ach pasMgtr ttudtnts eoapltted notivation 
•obtealM 1-4 for rating tha paaaaga for into r eat inqaeaa and 
ralavanca uaing an Oagood diffarantial acala (aaa Figura 4). 
rollowing all aix i^aaagaa» atudanta vara aakad tc rata the 
intaraatingnaaa of aach paaaaga aa it coiupdrad to the other 
paaaagaa* 



XHSSM rZGDRI 4 ABOUT HERE 



k poattaat waa adainiatarad directly following completion of 
tha traataanta. It eonaiatad of 60 wiltipla-choica queationa. 
Thara ware five racall*laval and f iva appication-leval qnaationa 
for aach paaaaga. Qnaationa related to the baaic paaaaga only. 
Bxaaplea of recall-laval and application-level teat iteaa for the 
paaaagea in Figura 1 apr^ar in Figure 5. 



ZN8BRT FZGORB 5 ABOOT HERB 



A delayed (retention) teat waa adainiatered two waelta after 
the treatmnt and poattaat. It contained 30 gniltiple-choice 
queationa. Thara vara three recall-level and three application- 
level queationa for each paaaaga^ ainilar but not identical to 
tha poattaat queationa. 

After coapletion of all treatneniar the acience teacher put 
an ability level rating for each atudent (l*high» 2«averagc» 
3«loif) on each poattaat. 



ERIC 



Before conducting the atudy» a aeriea of neetinga waa held 
batwaen the reaearcher and tha eighth grade acience teacher in 
order to aalect appropriate content and deaign aateriala that 
contained concrete^ familiar analogiaa for abatracty unfamiliar 
concapta and principlea. In addition » to maintain a natural 
claaaroM context for the atudanta » tta acience teacher 
adminiatared all treatnenta without tha reaearcher present. 

When the atudanta arrived for their regular acience claear 
each waa given an inatruction booklet and a poatteit. The order 
of the topica in aach booklet » waa randomised by groups of three i 
i.e.r the first group contained paaaagea on alloys^ cryogenics^ 
and Ohm 'a Lav» while the aacond group contained passagea on 
half-life » iaotopaay and tha Doppler Effect. 

Studanta were inatructed to read each paasage and complete 
each motivation acala. After completing the inatruction booklet 
they closed it and turned it upside down on their desks. Then 
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netst circit the nunber that b^st describes the wsy jfou feel about what 
you hive Just read. 

I found the subject of this pissige to be: 

1 2 3 4 

Very SoMMfiit SoMiihat very 
boring boring Interesting Interesting 

I thought that the way this passage was written Made It: 

1 2 3 4 

Very Soaewlin Somewliai Very 

Interesting Interesting boring boring 

Nhen something Is relevant. It aeans that It Is related to something 
else you have learned or know. This reading was: 

1 _ 2 . . .3 4 

Extremely SoaewKai Hot very Rot at all 
relevant relevant relevant relevant 

After reading this passage, I would like to learn more about ALLOYS: 

1 2 3 4 

Not'ai Very somewhat Very 

all little oNich 



Figure 4. Motivation subscales 1-4 for topic 1. 
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Figure 5 

Significant Interactions for Achievement Measures 
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2 - Average ability students 

3 " Low ability students 
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thty were directed to open the tee^ booklet and complete the 
questions in the reatainder o£ the forty ninute period. They were 
not allowed to refer to the instruction booklet after beginning 
the test. 

fwo weeks later » the science teacher administered the 
del4\yed test. Students were given about half a class period in 
which to finish. 



RESULTS 



The following are the results on the two sets of dependent 
waciables-^-uotivation and achieveuent. 



HQtiYStlnn «*M»nf 

All 123 sl-udents coapleted the aotivation rating scale for 
each of the six topics. It consisted of five subsealess 
Interest Xn Topic* Interest In fomt, R'^levance, Interest In 
Learning Here About Topic* and Interest Level Conpared To Other 
Topics. In addition* a total aotivation score consisting of the 
mum of the five subscales was deterained for each topic. The P 
ratios and significance levels for all six motivation neasures 
•re suamrixed in Table 1* and the neans are reported in Table 
2. Vhenever a significance level of ^05 was reached* Duncan's 
Multiple Range Tests was used to identify which of the three 
means differed significantly (see TabJie 3) . The topics are 
listed in order of difficulty (from least to most) in all 
tables. Since ability main effects were not of interest in this 
study* they are not reported. 

IKSERT TABLES 1* 2 ft 3 ABOOT HERE 

It was stated in hypotheses 1 and 2 that the use of 
analogies would make difficult and abstract content more 
interesting and that the enriched analogy would provide the most 
motivating instruction. For the subscale* Interest In Topic* 
three of the six topics had significant or near significant 
results. For Topic 1* the aIubIa analogy was rated higher than 
both other treatments* while in Topic 5* the enriched analogy 
treatment scored significantly higher then the other two groups. 
In Topic 2* the ^nriehad analogy treatment approached 
significance over the no analogy group. 

For Interest In Format* three of the six topics also had 
significant or near-significant results. For topic 2* the 
onriflhat analogy approached significance over no analogy* but for 
topic 3 the nfi awiftgy treatment approached significance over the 
simple analogy. For topic 5* the gnrtched analogy treatment 
scored significantly higher at the .0005 level than either of the 
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Intaratt ia Icaraiag 
iwra «bottt tople- 

Analogy 
Aaalogjr a Abili^ 


3.65 .03* 
0.35 — 


1.62 — 
1.10 


0.75 — 
0.3f " 


0.28 — 
0.52 


3.10 .05* 
1.62 -- 


1.08 — 
1.68 — 


latartfC loval eoaparcd 
CO eth«r topics: 

Analogy 
Analogy a Ability 


5.81 .OOT 
0.43 — 


0.35 

2.94 .02 


0.18 — 
0.40 — 


0.40 - 
0.25 — 


2.68 .07 
0.63 


1.77 — 
0.32 — 


Total aotivatloa: 

Analogy 
Analogy a Ability 


3.35 .04* 
0.42 — 


2.57 .08 
0.7C — 


0.91 — 
0.14 " 


1.79 -- 
0.41 


5.79 .Oot* 
1.32 — 


1.05 -- 
0.17 - 



df for all aaalogics (8. 122) 
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Itoansi StftiHtard DtvlmtioM «i4 n^s for Motivation Noaourto 



.Vo Aai^egy Bli^lt Analocr Bnrlcluid Analogy 

MaanCSO) n noan(SD) n Raan (SD) n 



t — 

tataroat • . ^ 

&lf*UfaM 
Zaat^paa 


E:« 

2.31 
2.70 
2.2* 


0.79; 
0.69! 
0.73 
0.81 
0.9*! 
0.86 


*1 
*0 
*2 
*2 
*0 
*1 


2.814 

2.81 

2.68 

2I56 
2.*5 


;o.72: 

0*78 

,0.7* 


*i 
*i 

*0 

*1 
*1 

*2 


2.** 
3.05 
2.73 
2.25 

2.3Sl 


0,6z 
,0.7* 
'0.81; 
0.73 
[0.92; 


*1 
*2 

1 *1 
1 *0 
> *2 
1 *0 


AUeors 

Zataraat ttKyatmloa^ 
la fanati Dopplar ♦ 

Malf-ltfaM 
Xaotapaa . 


2.5M 

a.95l 


0.6*1 

0.72 

0.70 

VM\ 

0.88] 


*i 
*0 
*2 
*2 
*0 


2.851 
8.76 
2.55 
2.07 
2.37 
2.36 


io.79j 
0.83 
,0.78 

:o.82 
;o.8o 
!o.69: 


tt 
*1 

1 *o 

*1 

1 *1 
, *2 


2.66( 
2.86 

2.n 

2.38 


[0.69] 
0.65 
I0.87: 
0.71 
0»75 
0.92! 


1 *!' 

1 *2 
*1 
*0 
*2 
*0 


Oxycfaaiea 
Balavaaoai Dmiar ^ 

KaXf-lifa 
Zaotopta 


a aa 
2.18 

t.3ft 
2.38 
2.25 
2.20 


n aoi 
0.88 
0.91 
0.76 

0.95) 


*0 
*2 
*2 
*0 
*1 


2.3* 
2.20 
2.221 
2.10 
2.2* 


rn OAl 

oil 
0.9k 

0«91 
0.92 
[0.79] 


*1 
> *0 
*1 
*1 

1 *2 


9 AA 

2.52 
2.32 
2.73 

2.*5 
2.25 


0.67 

i.ot! 

••9$ 
0.86 
0.81! 


1 kit 
*2 
H 

1 *0 
*2 
*0 


Allogra a 
Xntaraatin Sw^^* 

about topic. 2a,!ufa* 
Zaotopoa 


2.17( 

2.*0 

2.71 

2.1* 

2.55 

2.07 


0.86) 

IM 

0.78 


*1 
*0 
*2 
*2 
*0 
*1 


2.66 

VSb 

2.00 
2.39 
2.33< 


'0.90 
;o.88 
0.87; 


1 *1 
) *1 
*0 
*1 
1 *1 
1 *2 


2.2*1 
2.7* 
2.59< 
2.05 
2.881 
2.301 


:o.83] 
0.77; 

0.16 

'0.9*! 


\ *1 
1 *2 
) *L 
> *0 
f *2 
1 *o 


AUoya 
totaroat Caryanaiea 
laval Oopplar 
Coajparad to Oha*a 
OtKar topiost Half* lift ^ 

Zaotopoa 


2.73 
2.6* 
2.1* 

2,75 
2.05 


0.81) 
0.78] 
l.Ol 

o!9i! 


%1 
*0 
*2 
*2 
*0 

41 


2.83(0.83; 
2.85(0.88! 
2.65(0.80 

2.02f0.79 
2.56(0.90, 
2.41(0.77' 


1 *1 
*1 

. *0 
*1 

HI 

1 *2 


2.22 
2.86 
2.76 
2.20 
3.00 
2.33 


\V.Hl. 

,0.99 
0.97 
0.73 
'0.97 


\ ^ 

*1 

I *0 
*0 
*0 


AUoya ♦ 
fetal Cryoatnioa^ 
Notlvationi Dmlor 

Oluft*a 

Kalf-lifa** 
Xaotopaa 


W-M 

13.5! 
11.11 

12.9: 

10.8! 


\U.ki 

K3.p! 
i2.8: 

H3.*€ 


i) *i 
; *o 
*2 

i> *2 
1,1 *0 
1) *0 


13.**(3.27i 
13.27(3.07 
12.60(2.79 

11.76(2.60: 


*1 
• 40 

*1 
1 *1 
1 *2 


12.17(2.32) *1 
1*. 02(2. (6) *2 

13.15(3.57) *1 
11.63(3.261 ^ 
1*.50(3.095 *2 
11.83 (3.80) *0 



Ksjri ♦ £ <.10 (appreaelwd •lgnlfie«nc«) 
♦ £< .05 
** 1^ .01 
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table 3 

I>«ncan»8 Multiple Range Test Results Per All Main Effects 
Reaching or Approaching Significance on Motivation Measures 

Interest in <f^p<r» 

Topic it Alloys 

Siaqple Analogy Enriched Analogy Ho Analogy P £ 

liM gijft k.50 .01 

Topic 2 1 Cryogenics 

Bnrlched Aifialc^ Simple Analogy No Analogy ^ ' XL ' 

3t0^ - ^ 2a80 2^ 2.58 .08 

Topic 5i Half-U^fe 

Bnriched Analogy No Analogy Simple Analogy P £ 

3-10 2jt2fi 2^ (^.88 .009 

Interest in Fnymfy^ 

Topic 2t Cryogenics 

Bnriched Analogy Simple Analogy No Analogy P ^ 

. .^i7i 2.»8 2.85 .06 

Topic 3i Doppler Effect 

No Analogy Enriched Analogy Simple Analogy P ^ 

_ . 2>7? 2^ 2.63 .08 

Topic 5« Half-Ufe 

Bnriched Analogy No Analogy Simple Analogy P £ 

2,^8 2^ 8.18 .0005 

Relevance 

Topic kt Ohm's Law 

Enriched Analogy No analogy Simple Analogy F 

^ ^tZL ■ Zr^O 2^ 3.35 .Oi> 

1"R1C (Cont.) 



Table 3 (Cont.) 
Interest in Learhing More About Topic 
Topic It Alloys 

Simple Analogy Errlched Analogy No Analogy F fi 

2.66 ZAl 3.65 ^03 

IrucScted^^alogy No Analogy Simple Analogy P 



2.39 3.10 .05 



Interest Compared to OthT Tonics 

Topic li Alloys 

Simple Analogy No Analogy .Enriched Analogy 'F -.^ 

2.8-^ 2.22 5.81 .00* 

t 

Topic 5 I Half-life 

Enriched Analogy No Analogy Simple Analogy F £ 

-^.00 lt25 ^ 2.68 .07 

fQ- ^l Motivation 

Topic ii Alloys 

Siiqple Analogy Enriched Analogy No Analogy F 2 

13.iH> 12.17 lli25 3.35 .0*f 

Topic 2t Cryogenics 

Enriched Analogy Simple Analogy No Analogy F £ 

^».02 13.27 12.68 2.57 .OB 

Topic 5» Half-life 

Enriched Analogy No Analogy Simple Analogy F £ 

lif.50 12.93 nt98 5.79 .00 

Keyt Means that are connected by a line are not significantly 
different from each other. 
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miS£S^uJ? uS^t'!iJfiit 1', "JJ*? *•» 

inilov. iTMt^t •Isalfleantly higter than tb* slapla 

tS» i» maloo??^ SS*^ ff"". •pproachia algnif Icane* ov«r 

»PPt,S!tbM",l£it^S^ '^i''.'!^'^ ■<»•«•. that leacbM or 
of th« six topiS^?«t€d on.*^^^ significance), five 

8tadeJJ*lV«*«ii»able"S^^^ posttest. Thirty-one 

of tlli kn^wiJ,. Syll*'* the poBtteet, either due to lack 
flftewf wre SJitSl* .k/ii?***'.^^'.^*»"« ability, 
«tttd!Sa A ..2?I? ?S ffJ^*!'. thirteen were low ability 
Of S Si who ■? "f completed the delayed teat' 

cLS!te ^ **** posttest, a total of 26 did 

th» Ambits K «<Wition, three studenta who completed 

ilLlSiSJf f JM'aSM treataentS were 

iteB«"^ll! lw» *5f5i!'*' .■"'I delayed test were comprised of 
wSJatS 3 t a A^!^^*" levels* recall and application. A 
IJS^fil? ? performed for each level of perfoniance 

l2Jel. ari'^lti.JS^Sf^f^ nftS"*. F-ratios and siinlficance 

ill?; « JP***"*'**^»f" * are presented in 

mi !• 5he«f« aignificance, a Duncans Multiple 

5f5?I l*Vi aetermine which of the three «eans 

differed aignif Icantly (see Table 6) . 

INSERT TABLES 4, 5 ft 6 ABODT BERE 
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. . . fAU k 
tlcaifieuMt UHU on AU AehltvwMit KtMur** for AU Topioa 

TtoPle I Topic 2 tteplc 3 TOole 4 topic 5 Tpplc « 
Alloys Giyofonlot Dopplor Ctm*n Half lootopof 

Bffoot iMT Ufo 



fvttttat Itealli Aaalogy 
Aaalofy x Ailii^ 


0.18 <— 
0.78 — 


0.50 — 
1.39 — 


o;t7 — 

0.t»8 — 


..12 — 
L.16 — 


L.60 — 
0.43 — 


1.12 — 
0.67 — 


fMttaat Amllootlcni AMlofy 
Aaaloiy x AblHtar 


2.58 .08 

o.(o — 


0.60 — . 
0.27 — 


l.<»6 — 
0.67 — 


o.ia — 

0.22 -— 


0.96 — 
0.22 --- 


1.15 — 
0.75 — 


PMttoot Totals Analogy 
Aaalocr « AbUlty 


0.37 — 
0.38 


0.M — 
0.70 — 


0.18 — 
1.15 


0.56 — 
0,6k — 


0.98 — 
0.31 — 


l.*6 — 
e.67 — 


OolayoA Toot Aoealli Analogy 
Aaalocy x AUllty 


3.63 .02* 
1.10 ~. 


0.0i» — 
0.60 — 


1.77 — 
1.52 — 


1.51 — 
0.85 — 


2.46 .09 
2.21 .07 


0.05 — 
0.60 — 


OolayoA toot Amlloatloni 
Analogy 

Analc«y x AUUty 


• 

2.73 .07 
2.88 .08 


0.32 — 
0.9<^ — 


0.95 — 
0.86 — 


3.*9 .03* 
2.41 .05* 


0.89 — ^ 
3.93 .oo5* 


2.22 — 
2.31 06 



4t for aU pottust Mhitvratnt muums (9 $93) 
§g for All wl«yt4 Um% MhitvtMat BMsurtt k9$ 110) 
S$o05 



- ER^ 
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tMim 5 

Mtsas* Standard Davi«ti«Mi and ii*s f or AU Aohi«vaa«nt Mcaauraa 

Mo Amlagr Slap],* .Analoer Enrlehad ktrnXagy 

Maan ISO) li Raan (SO) n Maan (SD) n 



' • AlUva' 

CrycMtanlca 
Voattaat Oopolar 
laealli Oiai^a 

Ralf-Ut* 
Xaotepaa 


T.T1 

3.59 
3*9W 

kM 
3.50 


0.91 

:i.a 
1.29 
0.80 

'1.26! 


S 

3» 
32 


3.7* 
3.09i 


1.10 

1.1*! 
1.21: 

:i.55l 


1 

28 
29 

i 32 


*.19(0.86; 
3.53(0.96, 
3.91(1.26 
3.97(0.86, 
3.07(1.30! 


29 
32 
3* 

1 33 

1 


. Alleys 
Paattaat Ciycfanles 
Appllei' Omlar 
Oha's 
Balf-lift. 
Xaetapaa ' 




1:1 

1.20 

[1.31 1 


1 ^ 

1 
\ 3* 


3.901 
9.89 


1.33] 
1.23 

tl.39l 


1 ^ 

1 32 


4.031 

*.12l 
3.5» 
3.57I 


1.27; 
1.19 


i 

is 


AUbya 
raattaat Ctyoianloa 

Ye«aii ^ggr*' 

Half-Ufa 
Zaatapaa 


a.59i 


1.26; 

1.7* 

2.a 

1.81 

[2.30! 


! s 

1 3* 


lU 
IM 


;2.ql: 
1.66; 

l«5l 

;2.i2, 
!2*.26! 




8.10( 
7.811 

I'M 


[2.2*] 
2.0* 


1 29 

28 


taat Cnroianlca 

laealli SffP**' 
OhK*a 

Half-llfa 

ZaotQpaa 


2*59< 
2.30 
2,U 
i,k9 

2.00 
1.5* 


;o.6o: 
0.88 

0*36 
0*78 

0.91 

[0.97; 


1 39 

1 

39 


2.15i 
2.33 
2.62 
2.11 
2.39 
1.5* 


!^*«5; 
0.90 
0*72, 
0.86 
'0.67 
'0.95) 


I 5* 
39 

3 

39 
35 


2.501 

2.3* 

2.17 
l.*9l 


>0.*9, 
0.80, 
0.86, 
0.8* 


35 

1 17 


« , , AUay«+ 
Oalayad Cxyoaanioa 
Taat . Dealer 

Half-lifa 
Zaotopaa 


2.28{ 

2.*9 
2.6% 

2.5* 
2.U 
2.15 


i0.6i; 

0.80 
0.77 
0.78 
0.87 

C.99; 


39 


1.91( 
a.59 
, 2.73 
2.fc5 
2.23 
1.83 


;o.93 
0.75 

0.65 

*0.86; 
0.90, 
1.22! 


1 3* 
39 

39 

1 35 


I.97J0.75 
2.6O1O.78 
2.a2(0.*5! 
2.79(0.53 
1.97(0.95 
1.70(1.20, 


37 



* f < of ^■"'"■^^•^ •Itnifleanca) 
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Table 6 

Duncan's ttultiplo Range Test Reexats For. AU M»in Effects 
Reaehing or Approaching Significance on Achievement treasures 

Poatteet Appication 

topio It > Alloys 

No analogy Snriohed analogy Siople sni.ogy P £ 
».»7 ».01 3^ 2.58 .08 

Dalayad Test Reoall 

topic li' Alloys 

' * Ro^ analogy Snriohed analogy Sinple analogy F £ 

2.59 2.50 2M 3.83 -02 

Delayed Test Applicatio n 

Topio it ' . Alloys 
•No azUlogy Enriched analogy Simple analogy F £ 

2.28 Un W 2.73 -07 



Topic • Ohm's Law 

JSniriohed analogy 
2jJ2 



No analogy 
2.5» 



Sinple analogy F £ 
2,^5 



3-^ .03 



Keyt Means that are connectod by a line are not significantly differer 
from each other. 
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S2Sn««.S5f t!i2, «PPro*chtd lignif leaner for tho 

•pplleatiOB-lovol posttm for topic 1, and tho AnBli^Qe mm 

l^rS^^^'^'iV'J.^f^'.^ •^■Pl* •nalogri£5nf?r~h; 
SSJTmS^'m- SJSiSiS' ^Pjc 1 <« both tff^ recall dtUyad 
SJ2SB^«Sf JfSfJi dalayod ttat, the ba aiudim treatiit 
Si2L^25?l-!*^"**^**'iJy or Dtar-signlficantly higher than the 
%^C^ ^'w"'^' on the recall delayed test for 

hHiSr \Sl "iJlcJwd iMXflM treatwnt also scored significaaUy 
aiSlLfciir'^.ii* #J!^^*- '^"y* on the delayed 

2fSi tlirL!*IfL4?il.*?P*®v/'w «»• ttiSSftS analogy treataent 

85not"&**„o'*&\^^^ -^-pi* 

5S "Ip^'ic*"* interaction effects for analogy 
dJla^Ss J2fc'2L*5J However, for thi 

I»!.fSSSr« delayed test, while four of the six topics reached or 
t2t 5ii flrolicat.1nn delayed 

«f illu'!?r•r•^in1ig\^e^^^^^ "'^''•^ ^'^^^ ^ 

TABLE 7 AMD FZGORB 5 ABODt'heRE 

V?* 'w^*^*' >»yPOti»esiied that higher ability students 
KSiJ no "»l2gy and sinple analogy 
iJSiS? ™f*9o and lover ability studSnts JoulJ 

^*5P^..!?'•• ***** •«'4«»»ed anaK^gy treatment. On 
MhifilS J?S;i:?i;"!,"^'**^,*" ^' hig^'Wlity students 

2S i7 h5SJhIii?^ analogy or sinple analogy treatments, 

SfnJlnt.- ^iiSf*"i*^' ,.f****^«'' '^be lover and average ability 
fJSflSil^ significantly higher on the enriched analogy 

il!Si?f2i«J**' 2C^y o* teste that reachii 

wSpS"Sr »>»«"«o" Hypothesis 3 is only partially 



DISCUSSION 



I* ISil"*"!- •yatenatic research on the use of 
ITiilMieS u-i'in^^^^i^fK' ? 4«Vresaed at the number of 

SIfl2?.Il4^'?**' tI" .^•«*Jopks, classroom lectures, and everyday 

obvio:-8 by the very commonness of theii 
teachers consider analogies to be iiiportant 

S2 ^^i^^:^^Vl *'^i^^!'" Isarnlng and communication. Hence, 
ve believe that the important question is not "are analogies 
"••fJii i»«tructional strat«aUs?- Rather, it is -vhen are 
analogies useful?" # * *• wnen m^v 

Based on personal experience and conveto.^tions with oeooie 
who use analogies, we propose that analogies lncr««8e understand- 
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UUyd TMt AohUvMMit HMavr* tiyilfioaat 



Ktyt 



(8,D.) 
—B 



ZtttcrMeiea lff«ect 
AMl«|y 3t Italf-llfc Belayed TMt Iteeall 



1 • Blgh •biUty 

2 ■ AvmiA abllltf 

3 • U» diUtf 

> • Ro malegy 
• - Slanlc aatlMjr 
I ■ londitd aauegy 



2.30 
(0.67) 
12 


2.19 
(0.66) 
16 


1.00 
(0.87) 

. 9 


2.S4 
(0.32) 

.^7 . 


2.30 
(0.77) 


2.33 
(0.S8) 

3 


2.33 
(0.65) 
-.12 , 


2.30 
(0.89) 

-I* 


2.00 

(1.16: 

7 



AiMl«fy 1| Alloys Dtlayad Tabc A^llMCloa Analoty 4i Otai't Uv Dtlaycd Test Applleatimi 



1 


2 


3 




1 


2 


3 


2.31 

(...» 


2.1? 


9.00 
(0.00) 


V 


3.00 
(0.00) 

-JLl . 


2.75 
(0.45) 

1? 


1.30 
(0.93) 
8 


2.27 

"it" 


1.94 


1.27 
(l.ll) 


s 


3.00 
(0.00) 
14 


2.U 


1.50 
(0.93) 
8 


2.23 
(0.60) 

12- 


2.00 
(0.52) 


1.27 
(1,13) 
9 


i 


3.00 
(0.00) 
12 


2.70 


2.67 
(0j58) 



Aaale^jT 9t Kalf-lifc OtUyad TMt Applleatloa Analogy 6; I«oeop«« Dslayad Test Applieatioa 



2.42 


2.13 
(0.72) 


1.89 

(1.05) 
9 


1 


2.46 
(0.88) 


2.04 
(1.02) 


1.17 
(1.16) 
3 


2.77 


1.87 
(0.97) 
-It- 


2.67 
(0.58) 


S 


3.00 
(0.00) 


1.63 
(1.03) 
16 


0.29 
(0.49) 


1.67 


2.38 
(0.72) 


1.57 
(1.27) 


t 


2.17 


1.81 
(1.11) 


0.89 
(1.05) 
9 
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Wh«n aetalB art nixed together to create an alloy, they form 
(distinct layers, separate metals, a whole new substance). 

An example of an alloy is (oxygen, hydrogen, bronze, sodium). 

The Doppler Effect is a change in wave frequency caused by 
the (motion, stability, location) of the wave source or 
observer. 

An example of the Doppler Effect is (shouting through a 
megaphohk, the sound of a bullet whissing past your ear, 
an echo, the sound of splashing waves). 



Figure 5* Sample recall and application level questions for 
'topics' 1 and 3 fr& th* immediate posttest. 
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iii9 by crMtln9 ■«w>ry linkagas and tb*t they thezefore proMtt a 
S2Ii?'-.l**2li?' ft** ^ Wlitatlvaly different than either 
22i J5.*PliS!J^**"*. ^)f^ ®' Beaauree uaed in thia 

•tii4y vere probably not very senait^e to that difference. But 
■ore importantly, the implication ia that the deciaion aa to 
S?2rl2 to an analogy ahoald be baaed in part on the 

Zi?f^5 ^••^^^^•■itad. The reaulta of thia atudy indicate that 

2Si2fi!"-.f*LJIS? S5 »f*!»^ '«te reaeiOMir-level 

il^iiS? awlicetion-level learning. However, they aay often 
be wry naefal for creating linkagea within Msory that would 
i!!)!L«.J!l "POftaat influence on Meaningful nnderatanding, 

iJ^Cr?"'*"?^*^®"','*' problem aolving, and the akill 

of analogical reaaoning. 

^tJ^^^r^'*' enalogiea aay not be uaeful for all kinda of 

faciora aa abatractneaa, 
uafaailiarity,^ and difficulty of the topic nay influence whether 
or not an analogy would be useful in the inatruction. it ia not 
iff V *r?' ^^•^ factora are parallel attributea, 

although they were equated in thia atudy. trays of better 
aaaeaalng thea aeparately sight contribute greatly to aa 
underatanding of the kinA of topica for which analogies are 
fi^S^l^ifft **• Wnajlyr irt expect that not all analogiea 

fvahielea) are equally uaeful for a topic that can benefit froa 
an anaxog^* It aeeaa likely that auch factora aa concreteneaa, 
fSfi -'^^^i. ^ degree of aiailarlty with the topic aay 
influence whether or not an analogy would be useful in the 
inatruction. Bence, future research could alao benefit from the 
developaent and uae of better waya of aeaauring theae 
ohaiTacteriatica of an analogy. 

*he ability of analogiea to atiaulate the creation of 
cognitive viaual iaagea and provide an iaportant strategy for 
problea solving needa to be atudied, and the development of more 
preeiae aeaaurenent instruaents to determine the nature and scope 
of these qualitative differences should be carried out. 

With theae conaiderationa in aind, let* a proceed to a 
diacussion of the reaults on each hypothesis. 

BypOthaaia , «JLt Ihft Jlfift A£ an^lnyl^* will BAkft AlfflenXfL and 
abstr a ct CQntltnt Saift infeTgatino relevant J;j| AJLttdftOtl* 

hypothesis waa partially confirmed. The xeaults of 
thia study Indicate that the incluaion of an analogy in difficult 
and abatract content will often increase interest in that 
content. For four of the aix topics, the presence of an analogy 
improved motivation on at least one of the motivation meaaurea. 
'?5i ®' ^'^^ temeinlng topica, there was no significance, 
while for the other remaining topic, the na analogy treatment 
approached aignificance over the ainple analogy. 

• •.'2' three of the six topics, the Total Motivation score 
reached or approached aignificance in favor of one of the analogy 
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tmtMnti. rive of tht lis actual Mans for Total Motivation 
vara highaat for aithar tha aiapla (1) or encichad (4) analogy 

Of tlia 30 Motivation taata (aix topica vith five notivation 
■ubiealaa aach)* a total of 11 vara algnificant or appcoacbad 
aigaifieanca. Of thoaa 11, eix ratad an analogy traataant »'>ra 
activating than tha no analogy traataant. In addition^ for tha 
30 aubaoala aaana* 24 vara highaat for ona of tha analogy 
traataanta. 

For topic 3 (tha Dopplar Bffact)» atudanta ratad tha no, 
onilogy traataant aoat aotivating on four of tha fiv(i aubacalaa. 
Bovavarv tha diffaraaeaa did not raach aignificanca. Thay aaraly 
approachad aignificanca at tha .08 laval. it, in fact» real 
diffarancaa axiatad in thia caaa* thay aight be attributabla to 
aithar or both of tha folloving raaaonat aithar atudanta found 
tha paaaaga alraady intaraating and tha analogy diatractad froa 
it# or tha analogy itsalf aay not hava baan undaratood* thareby 
Baking it unintaraating or tha aourca of confuaion. 

Pinally# it appaara that analogiaa for topica 1 and 5 vorkad 
vary vail to incraaaa activation , vhila for topica 3 and 6 thay 
had littla or no affect. Thia aay indicate that tha intereat in 
aoaa topica aay be greatly enhanced by the addition of an 
emilogyr vhila othara aay not. 



BypQthcaia t2< fitudanta siUl Xlnfl An enriched AOAlsgx boia 

flfitiSAunS JttUUL A aigp l* fiJL AS AAjBlfiflS* 

It vaa found that for aoaa activation aeaauree on aoae 
topica there vere aignificant diffarencea batveen the enriched 
analogy and tha aiapla analogy but not the control group. The 
aippla analogy group vaa aignificantly higher than the enriched 
analogy group on four activation aeaaurear vhile the enriched 
analogy group vaa aignificantly higher than the ainple analogy 
group on lix activation aeaaurea. It vaa only for topic 5 
(half-life) that the enriched analogy treataent approached or 
reached aignificance over both other treatmenta. Therefore » thia 
study failed to confira hypothesia «2. 

Bovever» on Total Motivation the actual mean acores I'or the 
enriched analogy treataent vera highest for four of the six 
topica » vhich aay indicate a preference (although only 
aignificant for topic 5) for the treataent containing the 
enriched analogy. Purther reaearch la needed to deternine vhen 
inforaation about the grounds and liaitations of the analogous 
relatlonahlp is appropriate and aotivational and vhen it Is not. 
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Mypftl-Kaalft f^t hvmr»am IfiMfiJL oMlK^y ahMiittntg will aphii>v» 

■fiCft idbttajBixta initructlo" containing An gnriehad asalsm.f xhllft 

hl^Sr ibllilX AtttdfiOta Mill AfihifiXft Mtt JCiiJl A AlOBlA OL Afi 



VlM prediction that no sain effects would reach significance 
was snppocted by the results of this study because most of the 
significant aain effects were coupled with significant 
interaction effects. Boweverr the nature of the interaction 
effects was not consistent across analogies. 

There were no significant interactions between analogy and 
ability on the iasNidiate posttest (either the recall or 
appliestion level). Zn contrast r significance was approached or 
reached on five of the 12 delayed achieveaent test aeasures—- one 
on tha recall level and four on the application level. Of those 
fivet average and low ability students only achieved higher 
posttest scores with the enriched analogy treatnent for one 
awasura (one topic). 

However r for high ability students, the aa anaioyy and 
AinlA AMlPgy treataeat Mans were higher than the enriched 
analogv Mans for four of the five Maaurcs obtaining 
significance. These four Mssures were all delayed 
applieation-level tests. For the fifth Masure, the high ability 
students' Mans were equal for all three treatMnts. 

Zn this stodyr the presence of analogies did not seea to 
help any students learn the content. Thereforer hypothesis «3 
failed to be supported in reference to average and low ability 
students and was partially supported for high ability students. 
Zt aust again be enphasised that the lack of significant results 
may be due to the Mssures not being sensitive to the 
qualitatively different kind of learning that My result froa 
analogies. We recoaMnd that future research on analogies 
utilises acre appropriate Masures to assess the contributions 
analogies Mke to learning (see earlier discussion) . 

Zn additiottf a nore norMlly distributed sample is desirable 
when studying the effect of analogies on all ability levels. In 
this study, a disproportionately sMller number of low ability 
students caused some cell sises for the interaction effects to 
fall below 10. 

One final cosMnt io in order about the interactions which 
reached significancOf tsspeciaiiy considering the concern for 
tquit'/ in education. All three ability groups in the enriched 
analogy treataent appear to have achieved more nearly equal 
scores than with the aiaple or no analogy treatments, psoponunts 
of equity in education My find analogies a useful tool toward 
achieving that equity aaong various ability groups. 

Zn conclosionr the following recomaendations are made for 
using analogies in instructions 
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1* An analogy la ganarally uaaful for Mklng instruction 
iora intacaating to tha laarnar. 

2* An analogy la aora uaaful for applicatlon-laval laarning 
than racall-laval laarning » and ita af facta ara nora 
pronottncad ovar tina. Rowavar, taating tha affectivenaaa of 
tha analogy auat ba on a laval other than atrictly 
application or raeall. 

3. Tha analogy ita If mat ba within tha knowledga of tha 
laamac bafora it can ba uaad to laarn naw inforaation. 
Otharviaa it nay cauaa eonf anion or niaundaratanding. If 
tha analogy ia* unknown to tha learner, it should ba taught 
bafora being uaad. 
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